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IMPROVED  SHAPE  FOR  EXTRUDED  CATALYST  SUPPORT 
PARTICLES  AND  CATALYSTS 

The  i n v e n t i o n   r e l a t e s   to  i m p r o v e m e n t s   in  c a t -  

a l y s t s   to  be  u sed   fo r   e x a m p l e   in  p e t r o l e u m   r e f i n i n g   a n d  

p a r t i c u l a r l y   r e l a t e s   to  i m p r o v e d   s h a p e s   for   c a t a l y s t   s u p -  

p o r t   p a r t i c l e s   and  c a t a l y s t s   w h i c h   may  be  u s e d   to  a d -  

5  v a n t a g e   in  f i x e d   bed  c a t a l y t i c   r e a c t o r s .  

S h a p e d   c a t a l y s t   e x t r u d a t e s   as  s u p p o r t s   for   c a t a -  

l y s t   p a r t i c l e s   u sed   in  h y d r o d u s u l   f  u r i z i n g   p e t r o l e u m   d i s -  

t i l l a t i o n   r e s i d u e s   were   d e s c r i b e d   in  U.S .   P a t e n t   No .  

3 , 7 6 4 , 5 6 5 .   D e c r e a s e   of  p r e s s u r e   d r o p   a c r o s s   f i x e d - b e d  

10  r e a c t o r s   p a c k e d   w i t h   c a t a l y s t s   made  w i t h   t h o s e   s h a p e d  

s u p p o r t s ,   as  c o m p a r e d   w i t h   c y l i n d r i c a l   c a t a l y s t s ,   was  d e -  

s c r i b e d .   The  b e n e f i t s   of  u s i n g   c a t a l y s t s   on  e x t r u d e d  

p o l y l o b a l   c a t a l y s t   s u p p o r t s   fo r   h y d r o t r e a t i n g   of  p e t r o l e u m  

d i s t i l l a t i o n   f r a c t i o n s   and  r e s i d u e s   were   d e s c r i b e d   in  U . S .  

15  P a t e n t s   Nos.   3 , 9 9 0 , 9 6 4   and  4 , 0 2 8 , 2 2 7 .   In  t he   l a t t e r   p a t -  

e n t s ,   i m p r o v e m e n t   of  c a t a l y t i c   a c t i v i t y   u s i n g   s t r a i g h t  
l o b e d   p o l y l o b a l - s h a p e d   c a t a l y s t   p a r t i c l e s   d e s c r i b e d   i n  

t h o s e   p a t e n t s   as  c o m p a r e d   w i t h   a c t i v i t y   u s i n g   c y l i n d r i c a l  

p a r t i c l e s   was  d e s c r i b e d .  

20  A  r e c e n t   E u r o p e a n   P a t e n t   O f f i c e   P u b l i c a t i o n   N o .  

8 0 - 1 0 0 , 3 3 7   d e s c r i b e d   c a t a l y s t s   made  on  e x t r u d a t e   s u p p o r t  

p a r t i c l e s   h a v i n g   a  c r o s s   s e c t i o n   of  two  i n t e r s e c t i n g  

c i r c l e s   e x t e n d e d   as  a  d o u b l e   c y l i n d e r   w i n d i n g   h e l i c a l l y  

a l o n g   t he   l e n g t h   of  t he   p a r t i c l e .   T h o s e   c a t a l y s t s   w e r e  

25  d e s c r i b e d   for   use  as  h y d r o d e s u l   f  u r i z i n g   c a t a l y s t s .  

The  i n v e n t i o n   p r o v i d e s   a  l i n e a r   e x t r u d e d   c a t a -  

l y s t   s u p p o r t   p a r t i c l e   h a v i n g   the   o u t e r   s h a p e   of  t h r e e   o r  
f o u r   s e g m e n t s   h e l i c a l l y   wound  a b o u t   a  s t r a i g h t   l i n e a r   a x i s  

( t h e   a x i s   of  e x t r u s i o n ) .   The  s h a p e   of  t he   p a r t i c l e   i s  
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d e f i n e d   by  the   o u t e r   b o u n d a r y   s u r f a c e s   of  t he   h e l i c a l l y  

wound  s e g m e n t s .   The  p a r t i c l e   is  e n t i r e l y   f i l l e d   w i t h i n  

the   o u t e r   s u r f a c e   b o u n d a r i e s   of  t he   t h r e e   or  f o u r   s e g -  

m e n t s   . 
A  p r e f e r r e d   e m b o d i m e n t ,   fo r   e x a m p l e ,   is  an  e x -  

t r u d a t e   p a r t i c l e   h a v i n g   the   s h a p e   d e f i n e d   by  o u t e r   s u r -  

f a c e s   of  t h r e e   c y l i n d r i c a l   s e g m e n t s   t w i n e d   t o g e t h e r  

h e l i c a l l y   a l o n g   the   e x t r u s i o n   l e n g t h .   The  s u r f a c e   b o u n d -  

a r i e s   of  t he   p a r t i c l e   a r e   t he   o u t e r   s u r f a c e s   of  t he   t h r e e  

t w i n e d   s e g m e n t s ,   i . e .   t he   l o b a l   s u r f a c e s   b e t w e e n   l i n e s   o f  

i n t e r s e c t i o n   (or  t a n g e n c y )   of  e a c h   s e g m e n t   w i t h   t he   o t h e r  

two.  A  c r o s s   s e c t i o n   of  t h r e e   t w i n e d   c y l i n d e r s   c o m p r i s e s  

t h r e e   s y m e t r i c a l l y   i n t e r s e c t i n g   or  t a n g e n t   e l l i p s e s .   T h e  

a r e a   of  t h i s   c r o s s   s e c t i o n   is   d e f i n e d   by  the   o u t e r   a r c s   o f  

t h o s e   e l l i p s e s .   T h i s   c r o s s   s e c t i o n   is  i l l u s t r a t e d   i n  

F i g u r e   1.  The  s h a p e   of  a  h e l i c a l   e x t e n s i o n   of  t h i s   c r o s s  

s e c t i o n   is  d e f i n e d   by  e x t e n d i n g   the   c r o s s   s e c t i o n   a l o n g   a  

p e r p i n d i c u l a r   a x i s   and  r o t a t i n g   t he   c r o s s   s e c t i o n   on  i t s  

c e n t e r   as  i t   p r o g r e s s e s   a l o n g   the   a x i s .   The  r e s u l t i n g  

h e l i c a l   s h a p e   is  i l l u s t r a t e d   in  F i g u r e   2.  S i m i l a r l y ,   a  

s y m m e t r i c a l   h e l i c a l   e x t r u s i o n   s h a p e   h a v i n g   f o u r   l o b e s   c a n  
be  d e f i n e d   by  e x t e n d i n g   and  r o t a t i n g   a  c r o s s   s e c t i o n  

f o r m e d   by  f o u r   s y m e t r i c a l l y   i n t e r s e c t i n g   or  t a n g e n t   e l l i p -  

ses   of  e q u a l   d i a m e t e r   a l o n g   a  p e r p i n d i c u l a r   a x i s .   T h e  

c r o s s   s e c t i o n   and  the   e x t e n d e d   h e l i c a l   s h a p e   w i t h   f o u r  

such   l o b e s   a re   i l l u s t r a t e d   in  F i g u r e   3.  In  v a r i a t i o n s ,  

o t h e r   l o b e d   c r o s s   s e c t i o n s ,   e . g .   t h r e e   or  f o u r   t a n g e n t   o r  

i n t e r s e c t i n g   c i r c l e s ,   can  be  r o t a t e d   a l o n g   an  a x i s   to  f o r m  

o t h e r   h e l i c a l   l o b e d   l i n e a r   e x t r u d a t e   s h a p e s .  

C a t a l y s t   s u p p o r t   e x t r u d a t e s   h a v i n g   the   h e l i c a l  

s h a p e s   d e s c r i b e d   mus t   be  f o r m e d   by  e x t r u s i o n   of  t he   s u p -  

p o r t   m a t e r i a l   t h r o u g h   d i e s   t h a t   a r e   s h a p e d   to  form  t h e  

h e l i c a l   e x t r u d a t e   s h a p e s .   One  p r o b l e m   was  to  make  d i e s  

t h a t   would   p r o d u c e   t he   h e l i c a l   s h a p e s .   D i e s   h a v i n g   s u i t -  

a b l y   s h a p e d   h o l e s   of  l a r g e   d i a m e t e r s   m i g h t   be  f o r m e d   b y  

m a c h i n i n g   the   h o l e s   in  a  d i e   p l a t e ,   bu t   to  form  such   d i e s  

of  v e r y   s m a l l   d i a m e t e r s ,   e . g .   3  mm  d i a m e t e r   or  s m a l l e r ,   n o  
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p r a c t i c a l   m a c h i n i n g   t e c h n i q u e   was  known  to  do  t n i s .   i n  

the   p a s t ,   s t r a i g h t   l i n e   e x t r u s i o n   d i e s   were   made  by  f o r m -  

ing  an  e x t r u s i o n   p l a t e   of  a  t h e r m o s e t t i n g   p l a s t i c   m a t e r i a l  

p e n e t r a t e d   by  an  a r r a y   of  s t r a i g h t   c y l i n d r i c a l   or  s h a p e d  

5  p i n s   p e r p i n d i c u l a r   to  t he   f a c e s   of  the   p l a t e .   The  p i n s  

fo rmed   s t r a i g h t   l i n e   e x t r u s i o n   d i e   h o l e s   t h r o u g h   t h e  

p l a t e .   A f t e r   t h e   p l a s t i c   was  s e t ,   t he   p l a t e   was  s i m p l y  

l i f t e d   away  to  w i t h d r a w   the   s t r a i g h t   p i n s   f rom  d i e   h o l e s  

t h a t   were   f o r m e d   in  t he   p l a t e   by  the   p i n s .   H e l i x - f o r m i n g  

.0  d i e   p l a t e s   can  be  s i m i l a r l y   made  by  u s i n g   h e l i c a l   p i n s ,  

bu t   t he   i n d i v i d u a l   p i n s   can  be  w i t h d r a w n   from  d i e   h o l e s   i n  

the   p l a t e   o n l y   by  u n s c r e w i n g   e a c h   h e l i c a l   p i n   ou t   of  t h e  

d i e   h o l e   t h a t   i t   has   f o r m e d .   A  p a t t e r n   fo r   a  s u i t a b l e  

h e l i c a l   p in   for   t h i s   p u r p o s e   can  be  made  by  t w i s t i n g   t h r e e  

L5  or  f o u r   w i r e s   of  s u i t a b l e   s i z e   i n t o   a  w i r e   r o p e   of  t h e  

d e s i r e d   p i t c h .   The  i n s i d e   s u r f a c e s   of  a  d i e   h o l e   f o r m e d  

by  a  p in   h a v i n g   t h i s   p a t t e r n   w i l l   c o n f o r m   to  t he   o u t e r  

h e l i c a l   s u r f a c e s   of  t he   w i r e   r o p e   p a t t e r n .   In  t he   e x t r u -  

s i o n   p r o c e s s ,   when  e x t r u s i o n   m a t e r i a l   is  f o r c e d   t h r o u g h  

20  the   d i e   h o l e   t he   d i e   w i l l   p r o d u c e   an  e x t r u d a t e   h a v i n g   t h e  

h e l i c a l   l o b e d   o u t l i n e   of  t he   p a t t e r n .  

M a t e r i a l s   for   m a k i n g   the   h e l i c a l   e x t r u d a t e s   m a y  

be  any  of  t he   same  m a t e r i a l s   t h a t   have   been   u sed   fo r   m a k i n g  

o t h e r   e x t r u d e d   c a t a l y s t s   and  c a t a l y s t   s u p p o r t s .   E x t r u s i o n  

25  f e e d s   a r e   t y p i c a l l y   p r e p a r e d   by  m u l l i n g   a l u m i n a   p o w d e r  

w i t h   w a t e r   to  make  e x t r u d a b l e   p a s t e s .   The  a l u m i n a   may  b e  

any  of  s e v e r a l   p r e c i p i t a t e d   a l u m i n a s   or  i t   may  be  a  r e h y -  

d r a t e d   a l u m i n a ,   or  any  of  the   s p e c i a l t y   a l u m i n a s   s u c h   a s  

t h o s e   p r e p a r e d   f rom  a l u m i n u m   a l k y l s ,   e t c .   The  c o m p o s i t i o n  

30  of  t he   e x t r u s i o n   m a t e r i a l   may  i n c l u d e   c a t a l y s t   m a t e r i a l s  

or  p r e c u r s o r s   such   as  s o l i d   c o m p o u n d s   of  m o l y b d e n u m ,   f o r  

e x a m p l e .   S i l i c a   and  o t h e r   m o d i f i e r s   may  be  i n c l u d e d   i n  

the   m a t e r i a l   to  be  e x t r u d e d .  

A f t e r   e x t r u s i o n   of  t he   c a t a l y s t   s u p p o r t s ,   t h e y  

35  a r e   f i n i s h e d   by  any  d e s i r e d   m e t h o d ,   u s u a l l y   by  d r y i n g   a n d  

c a l c i n i n g   to  h a r d e n   the   p a r t i c l e s   and  to  o b t a i n   the   d e -  

s i r e d   p o r o s i t y   and  c r y s t a l l i n e   s t r u c t u r e   fo r   an  i n t e n d e d  
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u s e .  

W h i l e   t he   i n v e n t i o n   is  s p e c i f i c a l l y   c o n t e m p l a t e d  
fo r   i m p r o v e m e n t   of  c a t a l y s t s   to  be  used   in  f i x e d   bed  p r o -  
c e s s e s   fo r   h y d r o t r e a t i n g   of  p e t r o l e u m   d i s t i l l a t i o n   f r a c -  

t i o n s   and  r e s i d u e s ,   t he   s h a p e d   p a r t i c l e s   of  the   i n v e n t i o n  

may  be  u sed   more  g e n e r a l l y   in  o t h e r   p r o c e s s e s   e m p l o y i n g   a  

p a c k e d   bed  of  e x t r u d a t e   p a r t i c l e s ,   or  even   in  p r o c e s s e s  
e m p l o y i n g   e b u l l a t e d   c a t a l y s t   b e d s .  

The  h e l i c a l   s h a p e   of  t he   c a t a l y s t   p a r t i c l e   i s  

found   to  i m p r o v e   p r e s s u r e   d r o p   a c r o s s   f i x e d   bed  r e a c t o r s  

t h r o u g h   w h i c h   l i q u i d   or  gas   r e a c t a n t s ,   or  b o t h ,   a r e   p a s s e d  
to  e f f e c t   c o n t a c t   of  t h o s e   r e a c t a n t s   w i t h   t h e   c a t a l y s t s .  
When  minimum  c a t a l y s t   s i z e   fo r   use  in  a  r e a c t o r   is  l i m i t e d  

by  p r e s s u r e   d r o p   r e q u i r e m e n t s ,   t he   p a r t i c l e   of  t he   i n -  

v e n t i o n   can  be  made  to  s i z e s   s m a l l e r   t h a n   o t h e r   p a r t i c l e s  
of  known  s h a p e s   to  mee t   a  g i v e n   p r e s s u r e   d r o p   r e q u i r e m e n t .  
The  s m a l l e r   p a r t i c l e   s i z e   can   i m p r o v e   c a t a l y s t   e f f i c i e n c y  

by  p r o v i d i n g   b e t t e r   c o n t a c t   and  r e d u c i n g   the   d i f f u s i o n  

e f f e c t s .   Even  when  c o m p a r e d   w i t h   s t r a i g h t   l o b e d ,   p o l y l o b a l  

c a t a l y s t   p a r t i c l e s   made  of  t he   same  c a t a l y s t   s u p p o r t   m a t e -  

r i a l ,   t h e   h e l i c a l   l o b e d   p a r t i c l e s   of  t he   i n v e n t i o n   a r e  
found   to  i m p r o v e   t he   p r e s s u r e   d r o p   p r o p e r t i e s   of  a  c a t a -  

l y s t   b ed .   I t   is  s u p p o s e d   t h a t   p o l y l o b a l   p a r t i c l e s   w i t h  

s t r a i g h t   l o b e s   w i l l   s t a c k   to  some  e x t e n t   in  a  b e d ,   w i t h  

t he   l o b e   of  one  p a r t i c l e   l y i n g   in  t h e   t r o u g h   of  a n o t h e r  

t h u s   b l o c k i n g   f low  of  f l u i d s   b e t w e e n   s u c h   s t a c k e d   p a r t i -  
c l e s   and  w i l l   t h e r e b y   i n c r e a s e   t he   f low  r e s i s t a n c e   in  t h e  

b e d .   Wi th   the   h e l i c a l   l o b e d   p a r t i c l e s   of  t he   i n v e n t i o n ,  

such   b l o c k i n g   of  f low  b e t w e e n   p a r t i c l e s   by  s t a c k i n g   i s  

e l i m i n a t e d   . 
A d e q u a t e   c r u s h   s t r e n g t h   of  t he   c a t a l y s t   p a r t i -  

c l e s   is  i m p o r t a n t   to  m a i n t a i n   u s e f u l   l i f e   of  a  c a t a l y s t  
bed .   P a r t i c l e s   mus t   have   s t r e n g t h   a d e q u a t e   to  r e s i s t  

b e i n g   c r u s h e d   to  powder   wh ich   wou ld   b l o c k   f l u i d   f low  i n  

a f f e c t e d   p a r t s   of  t he   bed .   C r u s h i n g   can  u l t i m a t e l y   l e a d  

to  l o s s   of  c i r c u l a t i o n   in  t he   b e d .  

A  r e g u l a r   l i n e a r   p o l y l o b a l   p a r t i c l e   h a v i n g   t h r e e  
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s t r a i g h t   l o b e s ,   i . e .   of  the   k i n d   d e s c r i b e d   in  U.S.   P a t e n t  

No.  3 , 9 9 0 , 9 6 4 ,   has  e x c e l l e n t   c r u s h   s t r e n g t h ,   even   b e t t e r  

t h a n   t h a t   of  a  c y l i n d r i c a l   e x t r u d a t e   p a r t i c l e   of  t he   s a m e  

m a t e r i a l   and  of  t he   same  d i a m e t e r .   (For   t he   p o l y l o b a l  

5  p a r t i c l e s   the   d i a m e t e r   r e f e r r e d   to  is  t he   d i a m e t e r   of  t h e  

s m a l l e s t   c i r c u m s c r i b i n g   c i r c l e ) .   A  h e l i c a l   p o l y l o b a l  

p a r t i c l e ,   h a v i n g   the   same  d i a m e t e r   and  same  c r o s s   s e c t i o n  

as  a  s t r a i g h t   p o l y l o b a l   p a r t i c l e ,   is  f o u n d   to  have   c o n -  

s i d e r a b l y   l e s s   c r u s h   s t r e n g t h   t h a n   the   s t r a i g h t   l o b e d  

10  p o l y l o b a l   p a r t i c l e .   The  c r u s h   s t r e n g t h   of  a  h e l i c a l   t r i -  

l o b a l   p a r t i c l e   is  a b o u t   o n e - h a l f   t he   c r u s h   s t r e n g t h   of  a  

l i n e a r   t r i l o b a l   p a r t i c l e .   A  p a r t i c l e   of  two  h e l i c a l   l o b e s  

has  o n l y   a b o u t   o n e - h a l f   t he   c r u s h   s t r e n g t h   of  t he   t h r e e -  

l o b e   h e l i c a l   p a r t i c l e .   A  p a r t i c l e   h a v i n g   f o u r   h e l i c a l  

15  l o b e s   has  a b o u t   1 . 25   t i m e s   t he   c r u s h   s t r e n g t h   of  t h e  

t h r e e - l o b e   h e l i c a l   p a r t i c l e .   P a r t i c l e s   c o m p a r e d   a r e   a l l   o f  

the   same  d i a m e t e r   and  the   same  m a t e r i a l .  

EXAMPLE  1 

A  c i r c u l a r   e x t r u s i o n   p l a t e   of  D e l r i n ®   t h e r m o -  

20  p l a s t i c   p o l y o x y m e t h y l e n e   t y p e   a c e t a l   r e s i n   is  m o l d e d  

a r o u n d   s i x   s y m m e t r i c a l l y   s p a c e d   p i n s   of  h e l i c a l l y   w o u n d  

w i r e   r o p e .   The  p i n s   e x t e n d   p e r p i n d i c u l a r l y   t h r o u g h   b o t h  

f a c e s   of  t he   m o l d e d   p l a t e .   T h i c k n e s s   of  t he   m o l d e d   p l a t e  

is  6 . 3 5   mm  and  i t s   d i a m e t e r   is  1 9 . 0 5   mm.  The  p l a t e   i s  

25  f o r m e d   by  m o l d i n g   a  f l a t ,   h o r i z o n t a l ,   c i r c u l a r   p l a t e   o f  

m o l t e n   r e s i n   a r o u n d   the   v e r t i c a l   p i n s   w h i c h   a re   h e l d   r e -  

m o v a b l y   in  t he   m o l d ,   and  t h e n   s e t t i n g   the   r e s i n   by  c o o l i n g  

to  h a r d e n   the   p l a t e .   A f t e r   r e m o v i n g   the   m o l d e d   p l a t e   w i t h  

t he   p i n s   f rom  the   m o l d ,   t he   p i n s   a r e   r e m o v e d   from  t h e  

30  p l a t e   by  u n s c r e w i n g   them,   l e a v i n g   h e l i c a l l y   s h a p e d   h o l e s  

t h r o u g h   the   p l a t e .   T h e s e   a r e   t he   h o l e s   t h r o u g h   w h i c h  

e x t r u s i o n   p a s t e   w i l l   be  f o r c e d   to  form  h e l i c a l   s h a p e d  

e x t r u d a t e   p a r t i c l e s .   The  p i n s   have   b e e n   made  by  t w i s t i n g  

two  to  f o u r   s t r a n d s   of  w i r e   t o g e t h e r   to  make  a  w i r e   r o p e  

35  w i t h   a b o u t   1 .77   t u r n s   per   cm.  l e n g t h ,   and  w i t h   d i a m e t e r  

a b o u t   1  .  5  mm  m e a s u r e d   as  t he   d i a m e t e r   of  t he   s m a l l e s t  

c i r c l e   c i r c u m s c r i b i n g   the   p o l y l o b a l   c r o s s   s e c t i o n .  
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The  w i r e   r o p e   is  cu t   to  l e n g t h s   to  make  the   p i n s .   I n  

o t h e r   e m b o d i m e n t s   h e l i c a l   l o b e d   p i n s   of  v a r i o u s   l o b a l  

s h a p e s   can  be  s h a p e d   by  m a c h i n i n g   a  w i r e   or  rod  to  a  d e -  

s i r e d   h e l i c a l   l o b e d   c o n t o u r .  

5  S e p a r a t e   e x t r u s i o n   p l a t e s   a re   m o l d e d   u s i n g   r e -  

s p e c t i v e l y   the   h e l i c a l   p i n s   made  f rom  two,   t h r e e   and  f o u r  

t w i s t e d   w i r e   s t r a n d s ,   fo r   m a k i n g   e x t r u d a t e s   t h a t   w i l l   h a v e  

t w o - l o b e ,   t h r e e - l o b e   and  f o u r - l o b e   h e l i c a l   s h a p e s ,   r e -  

s p e c t i v e l y .  

[0  S e v e r a l   of  t h o s e   m o l d e d   p l a t e s   a re   m o u n t e d   in  a  

d i e   r e t a i n e r   at  the   end  of  t he   e x t r u d e r   b a r r e l   of  a  worm 

d r i v e   e x t r u s i o n   m a c h i n e .  

One  may  s e l e c t   any  s u i t a b l e   m a t e r i a l   to  b e  

f o r m e d   by  e x t r u s i o n   t h r o u g h   t he   d i e s .   Any  of  t he   m a t e -  

15  r i a l s   t h a t   have   p r e v i o u s l y   b e e n   u sed   fo r   m a k i n g   e x t r u d e d  

c a t a l y s t s   or  c a t a l y s t   s u p p o r t s   may  be  used   fo r   m a k i n g   t h e  

h e l i c a l   e x t r u d a t e   s h a p e s .   To  i l l u s t r a t e   t he   i n v e n t i o n   i n  

more  d e t a i l ,   a  c o n v e n t i o n a l   a l u m i n a   e x t r u s i o n   p a s t e   w a s  

p r e p a r e d   and  f o rmed   i n t o   t he   h e l i c a l   s h a p e s   by  e x t r u s i o n  

20  t h r o u g h   d i e s   t h a t   were   p r e p a r e d   as  in  t he   a b o v e   e x a m p l e .  

EXAMPLE  2 

A l u m i n a   powder   is  p r e p a r e d   by  p r e c i p i t a t i n g   a l -  

uminum  h y d r o x i d e   by  r e a c t i o n   of  s o d i u m   a l u m i n a t e   and  a l -  

uminum  s u l f a t e   in  w a t e r .   The  s l u r r y   at   pH  10 .5   is  f i l t e r e d  

25  and  w a s h e d   to  r emove   s u l f a t e .   The  f i l t e r   c a k e   is  r e p u l p e d  

in  w a t e r   and  n i t r i c   a c i d   is  added   to  a d j u s t   pH  to  7 . 0 - 7 . 5 .  

The  s l u r r y   is  f i l t e r e d   and  w a s h e d   to  r e m o v e   s o d i u m .   T h e  

s o l i d s   a r e   r e p u l p e d   and  s p r a y   d r i e d   to  make  a l u m i n a   p o w d e r .  

The  a l u m i n a   powder   is   m i x e d   w i t h   1 .6   p a r t s   w a t e r  

30  per   one  p a r t   a l u m i n a ,   d ry   b a s i s ,   and  m u l l e d   for   a b o u t   o n e -  

h a l f   h o u r ,   a d j u s t i n g   c o n s i s t e n c y   of  t he   m u l l - m i x   as  n e e d e d  

to  make  an  e x t r u d a b l e   p a s t e   w h i c h   is  t h e n   p l a c e d   in  a  w o r m  

e x t r u d e r   and  f o r c e d   t h r o u g h   the   e x t r u s i o n   d i e s   d e s c r i b e d  

a b o v e .   Some  a d j u s t m e n t   of  e x t r u s i o n   s p e e d   is   r e q u i r e d   t o  

35  a l l o w   t i m e   for   the   e x t r u s i o n   p a s t e   to  c o n f o r m   by  p l a s t i c  

f low  to  t he   s h a p e   of  t he   d i e   h o l e s .   The  h e l i c a l   e x t r u d a t e s  

a r e   c u t   to  l e n g t h   a b o u t   3 .2   mm,  d r i e d   to  a b o u t   t w e n t y   w t .  
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10 

p e r c e n t   m o i s t u r e   and  t h e n   c a l c i n e d   at  650°C  fo r   one  h o u r .  

H e l i c a l   p o l y l o b a l   a l u m i n a   e x t r u d a t e   p a r t i c l e s ,  

p r e p a r e d   as  d e s c r i b e d   a b o v e ,   a r e   t e s t e d   fo r   c r u s h   s t r e n g t h  

by  a  c o n v e n t i o n a l   t e s t   u s i n g   an  a i r   p i s t o n   w h i c h   p r e s s e s  
5  an  a n v i l   a g a i n s t   t he   p a r t i c l e   on  a  s t o p   p l a t e   u n t i l   t h e  

p a r t i c l e   f a i l s .   W e i g h t   is  a p p l i e d   p e r p i n d i c u l a r   to  a x i s  

of  t h e   p a r t i c l e   by  t he   p i s t o n .   The  w e i g h t   r e q u i r e d   t o  

c r u s h   a  p a r t i c l e   of  a b o u t   3 . 1 8   mm  l e n g t h   is  m e a s u r e d   f o r  

f i f t y   p a r t i c l e s   t a k e n   f rom  a  s a m p l e .   The  a v e r a g e   of  t h e  
10  f i f t y   m e a s u r e m e n t s   d e t e r m i n e s   t he   c r u s h   s t r e n g t h   of  a  

s a m p l e .   A  t w o - l o b e d   h e l i c a l   p a r t i c l e   made  by  the   m e t h o d  

of  E x a m p l e   2  was  found   to  have   c r u s h   s t r e n g t h   of  0 . 5 7  

Kg/mm.  The  t h r e e - l o b e d   h e l i c a l   p a r t i c l e   has  c r u s h   s t r e n g t h  

of  1 .2   Kg/mm  and  the   f o u r   l o b e d   h e l i c a l   p a r t i c l e   has  c r u s h  
15  s t r e n g t h   of  1 .5   Kg/mm.  C r u s h   s t r e n g t h   of  t he   t w o - l o b e d  

p a r t i c l e   is  l e s s   t h a n   h a l f   t he   c r u s h   s t r e n g t h   of  the   t h r e e  

l o b e d   p a r t i c l e s .   The  s t r e n g t h   of  the   t h r e e - l o b e d   a n d  

f o u r - l o b e d   h e l i c a l   p a r t i c l e s   a r e   deemed  a d e q u a t e   fo r   u s e  

in  mos t   f i x e d   bed  r e a c t o r s ,   w h i l e   s t r e n g t h   of  t he   t w o -  
20  l o b e d   h e l i c a l   p a r t i c l e   w i l l   no t   u s u a l l y   be  a d e q u a t e .  

To  m e a s u r e   e f f e c t   of  t he   h e l i c a l   t h r e e - l o b e  

s h a p e d   p a r t i c l e   on  p r e s s u r e   d r o p   a c r o s s   a  r e a c t o r   bed  a s  

c o m p a r e d   w i t h   the   p r i o r   a r t   s t r a i g h t   t h r e e - l o b e   s h a p e d  

p a r t i c l e ,   s a m p l e s   of  e a c h   s h a p e   r e s p e c t i v e l y   a r e   p a c k e d   i n  
25  a  5  cm  d i a m e t e r   c y l i n d r i c a l ,   v e r t i c a l   t u b e   to  make  a  

u n i f o r m ,   d e n s e   bed  of  p a r t i c l e s   s t a n d i n g   a b o u t   3 6 - 3 7   cm 

h i g h   in  t he   t u b e .   Ends  of  t he   t u b e   a r e   f i t t e d   w i t h   g a s  
i n l e t   and  o u t l e t   p a r t s   and  a i r   is  f o r c e d   t h r o u g h   t h e  

v e r t i c a l   bed  at   a  r a t e   of  2 4 3 . 3   g / h o u r   per   Cm  ̂ of  c r o s s  
30  s e c t i o n   of  t he   bed .   P r e s s u r e   is   m e a s u r e d   at  two  s i d e  

p o r t s   s p a c e d   3 0 . 4 8   Cm  a p a r t   a l o n g   t he   l e n g t h   of  the   b e d  

and  the   d i f f e r e n c e   in  p r e s s u r e   b e t w e e n   the   u p p e r   and  l o w e r  

m e a s u r e m e n t s ,   c o r r e c t e d   fo r   m e a s u r e d   v a r i a t i o n s   from  s t a n d -  

ard  t e m p e r a t u r e   and  p r e s s u r e   c o n d i t i o n s ,   y i e l d s   t he   p r e s -  
35  s u r e   d r o p   per  f o o t   of  bed  h e i g h t   at  s t a n d a r d   c o n d i t i o n s .  

D i a m e t e r s   of  the   two  d i f f e r e n t   s h a p e s   of  p a r t i c l e s   w e r e  

p r a c t i c a l l y   t he   same,   i . e .   a b o u t   1 .2   mm.  The  bed  d e n s i t y  

20  

25  

30  
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r a r i e d   o n l y   s l i g h t l y ,   b e i n g   0 . 5 4   g /ml   fo r   t he   s t r a i g h t  

: r i l o b e   and  0 . 5 1   g /ml   for   t he   h e l i c a l   t r i l o b e .   T h e  

> r e s s u r e   d r o p   m e a s u r e d   in  u n i t s   of  p r e s s u r e   d r o p   per   u n i t  

>f  bed  h e i g h t   fo r   a  bed  of  t he   l i n e a r   t r i l o b e   s h a p e d  

jar  t i d e   was  g r e a t e r   by  a  f a c t o r   of  1 . 72   t h a n   t he   p r e s s u r e  

I rop   m e a s u r e d   a c r o s s   a  bed  of  t he   h e l i c a l   t r i l o b e   s h a p e d  

^ a r t i c l e s .   S t a t e d   i n v e r s e l y ,   t he   p r e s s u r e   d r o p   a c r o s s   a  

Ded  of  t he   h e l i c a l   e x t r u d a t e   p a r t i c l e s   was  o n l y   58%  of  t h e  

p r e s s u r e   d r o p   a c r o s s   a  bed  of  t he   s t r a i g h t   l o b e d   e x t r u d a t e  

p a r t i c l e s   . 
T h i s   a d v a n t a g e   of  v e r y   c o n s i d e r a b l y   r e d u c e d   b e d  

r e s i s t a n c e   i . e .   r e d u c e d   p r e s s u r e   d r o p ,   is  a c h i e v e d   by  t h e  

h e l i c a l - s h a p e d   e x t r u d a t e   p a r t i c l e s   w i t h o u t   l o s s   of  c a t a -  

l y t i c   a c t i v i t y .   H y d r o d e s u l f   u r i z a t i o n   c a t a l y s t s ,   made  b y  

s o l u t i o n   i m p r e g n a t i o n   of  m o l y b d e n u m   and  c o b a l t   c o m p o u n d s  

and  c o n v e r s i o n   of  t h e s e   c o m p o u n d s   by  c a l c i n i n g   on  t h e  

h e l i c a l   t r i l o b a l   s h a p e d   s u p p o r t   p a r t i c l e s   made  as  d e s c r i b -  

ed  a b o v e ,   as  c o m p a r e d   w i t h   c a t a l y s t s   made  t he   same  o n  

e x t r u d a t e   p a r t i c l e s   of  t he   same  m a t e r i a l   and  t he   s a m e  

s i z e ,   b u t   e x t r u d e d   as  s t r a i g h t   t r i l o b a l   p a r t i c l e s ,   w e r e  

t e s t e d   to  d e t e r m i n e   c a t a l y t i c   a c t i v i t y   fo r   d e s u l f   u r i z a t i o n  

of  p e t r o l e u m   f r a c t i o n s .   No  s i g n i f i c a n t   d i f f e r e n c e   i n  

c a t a l y t i c   a c t i v i t y   was  found   u n d e r   r e a c t i o n   c o n d i t i o n s  

t h a t   were   p r a c t i c a l l y   t he   same  e x c e p t   fo r   t he   r e d u c e d  

p r e s s u r e   d r o p   r e s u l t i n g   from  use  of  t he   h e l i c a l   s h a p e d  

c a t a l y s t   s u p p o r t .  
One  can  p r e d i c t   t h a t   c o m p a r a t i v e   h y d r o d e s u l   f  u r -  

i z a t i o n   t e s t s   o p e r a t e d   at   t he   r e s p e c t i v e   d i f f e r e n t   p a r t i c l e  

s i z e s   as  n e e d e d   to  o p e r a t e   the   r e a c t o r s   a t   the   same  o p -  

t imum  p r e s s u r e   d r o p ,   would   show  an  a c t i v i t y   i n c r e a s e   f o r  

the   h e l i c a l   l o b e d   c a t a l y s t s   as  c o m p a r e d   w i t h   a c t i v i t y   o f  

the   s t r a i g h t   l o b e d   c a t a l y s t ,   when  the   r e a c t i o n s   a r e   d i f -  

f u s i o n   l i m i t e d .   A c c o r d i n g l y   i t   can  be  p r e d i c t e d   t h a t   u s e  

of  t he   new  h e l i c a l   t r i l o b e   and  f o u r - l o b e   s h a p e d   c a t a l y s t s  

i n s t e a d   of  s t r a i g h t   l o b e d   c a t a l y s t s   can  l e a d   to  i n c r e a s e d  

c a t a l y t i c   h y d r o d e s u l f   ur  i z a t i o n   a c t i v i t y   by  a d j u s t m e n t   o f  

the   o p e r a t i n g   c o n d i t i o n s   to  t a k e   a d v a n t a g e   of  t he   r e d u c e d  
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Elow  r e s i s t a n c e   when  u s i n g   the   new  c a t a l y s t s .   A  t h r e e   t o  

s even   p e r c e n t   i n c r e a s e   of  c a t a l y t i c   a c t i v i t y   is  e x p e c t e d  

from  such   s u b s t i t u t i o n   w i t h   a d j u s t m e n t   of  p a r t i c l e   s i z e  

for  o p e r a t i o n   of  a  r e a c t o r   at   o p t i m u m   p r e s s u r e   d r o p .  

Use  of  t he   h e l i c a l   l o b e d   e x t r u d a t e   p a r t i c l e s   i s  

not  l i m i t e d   to  t he   use   d e s c r i b e d   above   for   m a k i n g   i m p r o v e d  

t i y d r o t r e a t i n g   c a t a l y s t s .   The  d e m o n s t r a t e d   a d v a n t a g e   o f  

r e d u c e d   p r e s s u r e   d r o p   in  p a c k e d   b e d s ,   commends   the   use  o f  

e x t r u d a t e   p a r t i c l e s   of  t h e s e   s h a p e s   in  o t h e r   p r o c e s s e s  

which   use   a  f i x e d   bed  of  s h a p e d   p a r t i c l e s   such   as  b e d s  

p a c k e d   w i t h   s o l i d   e x t r u d a t e   p a r t i c l e s   of  a d s o r b e n t s ,   d e s -  

s i c a n t s ,   c a t a l y s t s   and  the   l i k e ,   t h r o u g h   wh ich   gas   o r  

l i q u i d   f l u i d s   or  m i x e d   f l u i d s   a r e   c i r c u l a t e d   fo r   p r o -  

c e s s i n g   . 
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M  CLAIM: 

1.  A  h e l i c a l   l o b e d ,   p o l y l o b a l   e x t r u d a t e   p a r t i -  

c l e   h a v i n g   the   o u t l i n e   s h a p e   of  t h r e e   to  f o u r   s t r a n d s  

h e l i c a l l y   wound  a b o u t   the   a x i s   of  e x t r u s i o n   a l o n g   t h e  

l e n g t h   of  the   p a r t i c l e ,   and  f i l l e d   w i t h   e x t r u d e d   m a t e r i a l  

w i t h i n   s a i d   o u t l i n e   s h a p e .  

2.  A  p a r t i c l e   d e f i n e d   by  C l a i m   1  w h e r e i n   t h e  

m a t e r i a l   of  t he   p a r t i c l e   is  e x t r u d e d   c a t a l y s t   or  c a t a l y s t  

s u p p o r t   m a t e r i a l .  

3.  A  p a r t i c l e   d e f i n e d   by  C l a i m   2  w h e r e i n   t h e  

c a t a l y s t   s u p p o r t   m a t e r i a l   c o m p r i s e s   a l u m i n a .  

4.  A  p a r t i c l e   d e f i n e d   by  C l a i m   1  h a v i n g   d i -  

a m e t e r   of  a b o u t   3  m i l l i m e t e r s   or  l e s s .  

5.  A  c a t a l y s t   p a r t i c l e   c o m p r i s i n g   at  l e a s t   o n e  

c a t a l y s t   for   h y d r o t r e a t i n g   of  p e t r o l e u m   d i s t i l l a t i o n   f r a c -  

t i o n s   or  r e s i d u e s ,   s u p p o r t e d   on  a  p a r t i c l e   d e f i n e d   b y  

C l a i m   2 .  
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